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Abstract 
This study aimed to evaluate mathematics teacher candidates’ performance on conceptual and algorithmic questions in the 
subject of functions. The current study was a case study. The participants of the study were thirty-four undergraduate students 
in third year in college. The data of the study were collected through a performance test including four open questions (two of 
conceptual, two of algorithmic). The results of the study indicated that students were more successful on the conceptual 
questions than the algorithmic questions. Students’ performance on conceptual questions might be contributed to greater 
motivation and preparation.  
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1. Introduction 
Research on learning with representations has shown that interaction with an appropriate representation 
enhance learners’ performance (Scaife & Rogers, 1996). There is abundant evidence showing the advantages that 
multiple representations in supporting learning.  According to Ainsworth (2006), among the main advantages of 
multiple representations are that multiple representations help to reduce the complexity of every single 
representation by presenting whole picture, that multiple representations are beneficiary for students to avoid 
misinterpretations and to gain a deeper understanding of the concept, and that multiple representations is also 
useful for making deductions and/or generalizations. 
As it is in other fields, integration of multiple representations also has a vital contribution to mathematics 
education and attracted the interest of researchers especially within the last three decades. A great contribution to 
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this interest made by the NCTM (National Council of Teachers of Mathematics) Standards (NCTM, 1989) that 
releases the statement, 
 
Different representations of problems serve as different lenses through which students interpret the problems and 
solutions. If students are to become mathematically powerful, they must be flexible enough to approach situations 
in a variety of ways and recognize the relationships among different points of view (p.84). 
Multiple representation of a problem usually includes graphical, algorithmic and conceptual representations. 
Students’ skills of using/translating between these representation is an important evident for meaningful learning. 
There are different approaches in the literature to determine whether students are algorithmic or conceptual 
problem solvers. One technique, applied by Ashmore et al. (1979) and Frazer and Sleet (1984), is the problem 
solving networks.  In this approach, students who cannot solve the main problem but who can solve all its 
component of sub-problems are coded algorithmic problem solver; students who can solve the main problem and 
its related sub-problems are coded conceptual problem solvers. The other and most common way is asking pairs 
of algorithmic and conceptual questions related to the same topic. One question requires conceptual 
understanding while the other requres algorithmic skills (Mason, Shell, & Crawley,1997; Nakhleh, 1993; 
Pickering, 1990; Sawrey,1990). These studies indicate that most students use algorithms to solve problems and 
that many of them have inadequate understanding of the concepts involved. Based on above literature review, this 
study aimed to evaluate mathematics teacher candidates’ performance on conceptual and algorithmic questions in 
the subject of functions. 
.  
2. Methodology 
During In this study, mathematics teacher candidates’ responses were used in order to determine their 
performances on algorithmic and conceptual questions. Being qualitative in nature, this study was a case study, in 
which a researcher can examine a situation within its context, limited by time and activity, and collects detailed 
information (Yin, 2003). The case being examined was the investigation of teacher candidates’ performance on 
different question representations, including algorithms and concepts. 
2.1. Participants 
The participants of this study were thirty-four third grade students from the department of elementary 
mathematics education. The participants were selected through purposive sampling strategies. Two criteria were 
taken into account: a) the sampling only included graduate applicants who had registered for the course, and b) 
who successfully completed the course of abstract algebra, that was offered during the previous semester. 
 
2.2. Data collection 
An achievement test including four open-ended (classical) mathematics question from the concept of functions 
were applied to all participants. The achievement test was prepared by the researchers and reviewed by two 
external field experts in terms of its content and readability and understandability level. The test included two 
algorithmic and two conceptual questions aiming to check students’ understanding of meaning of the 
mathematical term of function.  Algorithmic questions required the student to work through an algorithm to find a 
numerical solution to a function problem while conceptual questions required students to use their conceptual 
knowledge about the topic to reach a reasonable answer.  
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2.3. Data analysis 
The data was analyzed using descriptive methods. Two experts evaluated students’ responses as “correct,” 
“incorrect” and “no response.” The agreement rate between the coders was calculated as %92, and the items for 
which the coders had a disagreement were discussed until they had a settlement. The frequencies for each codes 
were counted and provided in the table.  
 
3. Results 
From the point of the data, the evaluation of the students answers in each question type was included in Table 
1. As can be seen from the Table 1, most students gave correct responses to conceptual type of questions, and had 
more difficulty with algorithmic questions. Most students gave incorrect answers (and two student did not 
provide a response) to algorithmic questions while more students gave no response to conceptual questions in 
comparison with the algorithmic ones. On average, the percentage of correct answers for the students’ 
performance on both item types was 52.20 (s.d. = 22.79). The percentages of correct answers for each category, 
algorithmic and conceptual questions were 29.41 (s.d. = 17.64) and 75 (s.d = 1.47), respectively. 
 
Table 1. Evaluation of students' responses in each question type 
 
 
Questions Peers 
Algorithmic Question Conceptual Question  
Correct Incorrect No answer Correct Incorrect No answer  
1A, 1C 16 17 1 25 8 1  
2A, 2C 4 29 1 26 5 3  
Total 20 46 2 51 13 4  
 
4. Conclusion and discussion 
Overall assessment for the students’ performances on different types of questions showed that they had 
performed better on conceptual questions than the algorithmic questions. However, some other studies favored 
students’ algorithmic skills in mathematics (e.g., Haser & Ubuz, 2000; Şiap & Duru, 2004). Students’ 
performance on conceptual questions might be contributed to greater motivation and preparation. Students 
‘exposure to a wide variety of conceptual and algorithmic questions in period of preparation for university 
entrance examination can also contribute their performance since they gained familiarity with these types of 
questions and their solutions. According to Niaz and Robinson (1993), some cognitive variables, such as 
information processing, cognitive style and formal operational reasoning have also effect on the performance is 
in conceptual understanding. 
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